ALTHOUGH prostate cancer remains the second leading cause of cancer death in men, 1 the natural history of localized PCa varies from indolent to aggressive. 2 Deciding whether to treat or observe localized PCa depends on accurate estimation of prostate cancer specific mortality and other cause mortality. 3 Failure to balance these competing risks has resulted in widespread overtreatment of low risk disease and under treatment of high risk disease among elderly men. 4e6 However, during the last decade some thought leaders have promoted active surveillance as a means to reduce the harms associated with overtreatment of low risk disease, and urological guidelines panels have adjusted their recommendations accordingly. 7 Similarly, recent attention has focused on the under treatment of older men with higher risk disease, who may be placed on watchful waiting rather than being offered curative treatment. 6 In this study we determined the extent to which evidence-based recommendations regarding more judicious use of expectant management have been implemented at the population level. We compared the use of treatment and observation in 2 large, population based studies, the CEASAR study, accrued in 2011 to 2012, and the PCOS, accrued in 1994 to 1995. Our aim was to determine how the use of observation has changed with respect to disease risk, age and comorbidity, and to determine whether there is evidence of a pivot from the WW modality toward AS in this interval.
MATERIALS AND METHODS

Patients
The analytic cohort was drawn from PCOS and CEASAR, 2 population based PCa cohorts. The PCOS enrolled 5,424 patients from 6 participating SEER sites (Connecticut, Utah and New Mexico as well as the metropolitan areas of Atlanta, Georgia; Los Angeles, California and SeattlePuget Sound, Washington) in 1994 to 1995. 8 The CEA-SAR study used similar accrual mechanisms to enroll 3,691 men in 2011 to 2012 from 5 SEER registries (Atlanta, Los Angeles, Louisiana, New Jersey and Utah) as well as newly accrued CaPSUREÔ (Cancer of the Prostate Strategic Urologic Research Endeavor) study participants. 9 Inclusion in CEASAR was restricted to men younger than age 80 years, with clinically localized disease (cT1 or T2) and PSA less than 50 ng/ml, whereas PCOS was less restricted. Therefore, in order to create a homogenous analytic cohort of men who might be eligible for treatment or observation, the current study included the 2,625 men from the PCOS and 3,246 men from the CEA-SAR study who were between 40 and 75 years old at enrollment, had a baseline survey, a 6-month or a 12-month survey, PSA less than 50 ng/ml, nonmissing Gleason score, clinical stage T1 or T2 disease and sufficient treatment information.
Data Collection
At baseline, demographic and clinical information was collected. Functional status was assessed with the UCLA-PCI (University of California Los Angeles-Prostate Cancer Index) in the PCOS and the Expanded Prostate Cancer Index Composite-26 in the CEASAR study. The 2 questionnaires asked similar, but slightly different questions regarding sexual, urinary and bowel function. Thus, we normalized functional domain scores to the cohort mean and standard deviation.
Data were abstracted from medical records 12 months after diagnosis. 10 Treatment choice was determined by the most reliable source of information available in the order of medical chart abstraction, patient reported treatment selection and SEER registry data. WW/AS was defined as no record of definitive treatment within 1 year after diagnosis, or documentation of WW/AS in the medical chart or patient reported WW/AS in the absence of treatment. Patients on androgen deprivation monotherapy were initially grouped with those undergoing definitive treatment and were omitted in subsequent sensitivity analyses.
Statistical Analysis
Patient and disease characteristics were compared across cohorts. Rates of definitive treatment vs WW/AS were compared by cohort across recurrence risk strata. The odds of choosing WW/AS in CEASAR and PCOS were compared using a logistic regression model. Covariates of interest included age, number of comorbidities and modified D'Amico risk score. The comorbidities assessed common to both cohorts were heart failure, angina, stroke, heart attack, hypertension, diabetes, colitis and lung disease. The number of comorbidities was grouped as 0, 1, or 2 or more. In the CEASAR study the low modified D'Amico risk score was defined as PSA less than 10 ng/ml, Gleason sum less than 7 and T1 clinical stage. In the PCOS cases were considered low risk using the same PSA and Gleason sum cutoffs, but with a clinical stage of T1 or T2 to account for the fact that some in the PCOS were coded as T1/T2. The model included 2-way interaction terms between risk factors (age, comorbidities and modified D'Amico risk group) and cohort (PCOS vs CEASAR), and adjusted for race, functional status, study site and socioeconomic factors (marital status, education, inflation adjusted income, insurance and employment status).
Sensitivity analysis was performed for patients treated at sites common to PCOS and CEASAR. In a separate sensitivity analysis patients who only received ADT were excluded.
To determine the intensity of post-diagnostic surveillance we tallied post-diagnosis PSA testing and repeat biopsies in patients in the CEASAR study. These data were not available for patients in the PCOS. As a secondary analysis we computed 15-year overall survival probability and PCa specific mortality for patients in the PCOS. These data were not available for patients in the CEASAR study.
All p values were 2-sided with p <0.05 considered statistically significant. R software v3.1.0 (R Foundation, Vienna, Austria) was used for all statistical analysis. Estimates are reported with 95% CIs.
RESULTS
The 2,625 PCOS subjects and 3,246 CEASAR subjects were demographically similar (table 1). In terms of disease characteristics more men in CEA-SAR had nonpalpable disease than in PCOS (76% vs 32%, respectively, p <0.001) but fewer men in CEASAR harbored Gleason 6 or lower tumors (51% vs 66%, respectively, p <0.001, table 2). Of note, even if the 24% of cases of uncertain clinical T-stage in PCOS were classified as T1, the percentage with nonpalpable disease would still be lower than in CEASAR. The differences in T-stage and Gleason sum at presentation likely reflect the stage migration during the interval between studies 11 as well as changes in the Gleason classification system, which was updated in 2005. 12 Overall rates of WW/AS were similar between cohorts (14% vs 14%, p¼0.85). However, its use across disease risk strata changed markedly ( fig. 1 ). Men with low risk disease were far more likely to be on WW/AS in CEASAR than in PCOS (25% vs 15%, p <0.001), whereas a lower percentage of men with intermediate or high risk disease were on WW/AS in CEASAR (7% vs 14% for intermediate risk disease, p <0.001, and 3% vs 10% for high risk disease, p <0.001). Grouping primary ADT and WW/AS together demonstrated that nondefinitive management for high risk disease decreased from 25% in the PCOS to 6% in the CEASAR study (p <0.001).
In the multivariable model men in the CEASAR study were significantly more likely to select WW/ AS compared to those in the PCOS (p <0.0001). Disease risk was strongly associated with selecting WW/AS in CEASAR (OR for low risk vs high risk 17.5 [9.3, 32.9] The association between advanced age (older than 70 years) and WW/AS was stronger in PCOS than in CEASAR (p-interaction¼0.008, table 3). The corresponding cohort specific results for the number of comorbidities were closer to the null value and to each other (p-interaction¼0. 16 ). There was a significant association for 0 vs 2 comorbid conditions but only in the PCOS data.
In sensitivity analyses no difference in outcomes was observed after excluding patients receiving ADT. The findings were also similar when restricting the analysis to participants from SEER sites common to PCOS and CEASAR.
The model enables us to compare estimates of the likelihood of WW/AS across cohorts based on disease risk, age and comorbidity ( fig. 2) . For example, a 60-year-old man with no comorbidities and low risk disease had a 33% (25, 43) chance of WW/AS in CEASAR vs 9% (6, 13) in PCOS. On the other end of the life expectancy spectrum a 75-year-old man with 2 or more comorbidities with low risk disease had a 69% (57, 78) chance of WW/AS in CEASAR vs 53% (41, 66) in PCOS, while a similar patient with high risk disease had an 11% (6, 21) chance of WW/AS in CEASAR vs 32% (21, 46) in PCOS.
After a median followup of 13 months 90% of men in the CEASAR cohort had at least 1 subsequent PSA measurement and 35% underwent prostate biopsy after diagnosis, suggesting most of these men were on AS rather than WW. Median overall survival in the PCOS observation group was 11.5 years (95% CI 9.6e12.6). At 15 years after enrollment the overall mortality rate was 68.8% (62.5e75.0) and the PCSM rate was 16.6% (12.0e22.6) (see supplementary figures, http://jurology.com/).
DISCUSSION
In this study we found that the use of observation changed substantially between the PCOS era (1994 to 1995) and the CEASAR era (2011 to 2012). While observation was used in a comparable proportion in each cohort (14%), it was used much more frequently for low risk disease in CEASAR and much less frequently for intermediate and high risk disease. The high rates of subsequent testing in the CEASAR cohort suggest that the majority of patients on observation with a diagnosis in 2011 to 2012 were indeed on AS, while the high PCSM in the PCOS suggests that WW was applied to men with a high risk of progression in the 1990s. Taken together, these findings suggest that the modality of observation evolved during this interval from WW to AS, in accord with the available evidence and guidelines. We also found that older age was associated with a likelihood of being on observation in both eras but its effect was smaller in the CEASAR study. This may suggest that physicians and patients have become more comfortable with the concept of AS in younger men, rather than reserving observation as a palliative strategy for those at high risk for other cause mortality (WW). Comorbidity did not have a significant effect on decisions to treat vs observe in the CEASAR study and its effect did not change significantly from the PCOS.
Concerns regarding the over detection and overtreatment of low risk PCa developed after the spike in the incidence of PCa due to the adoption of PSA screening in the early 1990s. 13 During the last 2 decades evidence has accrued demonstrating the harms of aggressive treatment, the safety of AS for low risk disease and the absence of a survival benefit for the treatment of low risk disease. These factors have prompted guideline panels to expand the indications for expectant management to include AS for the management of low risk PCa, even in men with a long life expectancy. 7 However, population based studies have suggested that, until recently, definitive treatment for low risk disease was the norm. 4, 19 More recent evidence suggests that the use of WW/AS for low risk disease is increasing in some scenarios. For example, the use of WW/AS is increasing in the Medicare beneficiary population and among practices engaged in a quality collaborative in Michigan. 20, 21 In CaPSURE, a PCa registry which collects data primarily from community practices, the rate of WW/AS among men with low risk disease increased from 6.7% to 14.3% in 1990 to 2009 to 40.4% in 2010 to 2013. 22 The current study of 2 large population based cohorts with carefully curated data sets confirms that the use of WW/AS for men with low risk disease has expanded significantly between the early PSA era and the contemporary era (PCOS 15% vs CEASAR 25%), and demonstrates that observation is increasing nationally, not just at academic centers, among the elderly and in quality collaboratives. Furthermore, it demonstrates a transition in the mode of observation from WW to AS. Finally, it demonstrates that, to some degree, disease risk is taking precedence over age and comorbidities in treatment vs observation decisions. While overtreatment of low risk disease is widely publicized, that older men with high risk disease are often under treated is less commonly acknowledged. However, data suggest that approximately half of men with high risk disease are under treated, with 60% to 67% of men older than age 75 with high risk disease receiving no therapy or ADT alone to their apparent detriment. 4,5,23e25 Our data indicate an encouraging trend away from WW/AS among men with intermediate or high risk disease.
A rational approach to treatment selection for localized PCa would take into account age and comorbidity status to determine other cause mortality risk in addition to PCSM risk. 3 However, treatment decisions often fail to account adequately for comorbidity, and it is not clear how best to improve attention to comorbidity. 26 Our data indicate that more needs to be done to incorporate comorbidity and life expectancy into treatment decisions.
The study results must be interpreted in the context of the study design and available data. There are some important differences between the 2 cohorts that are worth considering. Due to stage migration, changes in biopsy techniques (ie more thorough sampling) and changes in the Gleason scoring system, 11, 12 the distribution of men classified as low risk in the PCOS contains some considered intermediate risk in the CEASAR study, and the Will Rogers phenomenon may explain a portion of the difference in the use of WW/AS in men with low risk disease. 27 In addition, unmeasured confounders may have differed between cohorts, and modulated the relationship between cohort and selection of WW/AS. For instance, biopsy findings such as the number of positive cores or length of cancer in a core are inclusion criteria for some AS programs, and could confound the association between cohort and use of AS. Finally, we could not reliably distinguish between AS and WW in either data set, although in the CEASAR study the use of PSA measurements and prostate biopsies after diagnosis suggests that the majority of men were on AS and the high rate of PCSM in the PCOS suggests many of those men were on WW. Nonetheless, the similarity in data collection strategies and the richness of the data sets enabled us to expand on the findings of prior studies that used only administrative and registry data, and those based on selective registries.
CONCLUSIONS
Men diagnosed with localized PCa in the contemporary era experience more judicious use of expectant management compared to men diagnosed in the mid 1990s. The use of WW/AS was more aligned with disease risk in the contemporary cohort such that men with low risk disease were more likely to be on WW/AS while those with intermediate and high risk disease were more likely to undergo treatment compared to the cohort accrued in the 1990s. In addition, we found evidence of a pivot from WW to AS. While older age was a strong predictor of WW/AS in both cohorts, its use was different in CEASAR vs PCOS. Comorbidity status remains underused in deciding whom to observe. Overall these findings suggest a growing acceptance of WW/AS for men with low risk disease and definitive therapy for intermediate or high risk disease, and a pivot from WW to AS during this interval, which may be a prerequisite for realizing the potential advantages of prostate cancer screening. While our results are encouraging, there remains substantial room for improvement in continuing to increase the use of WW/AS in low risk disease and integrating comorbidity information into decision making.
